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EXPERT SCIENCE TEACHERS’ NOTIONS OF SCIENTIFIC LITERACY  
 
 
 
 
 
 
 
 
 
 
 
ABSTRACT 
This paper will report on the way expert science teachers’ conceive of scientific 
literacy in their classrooms, the values related to scientific literacy they hold and how 
this conception and the underpinning values affect their teaching practice. Three 
perceived expert science teachers who teach both at senior and middle school levels 
and across the range of sub-disciplines (one senior biology, one senior chemistry and 
one senior physics) were interviewed about their understanding of scientific literacy 
and how this influenced their teaching practice. The three teachers were video 
recorded teaching a junior science class and a senior science class. The data were 
analysed to identify values that underpin their conceptions of science and science 
education. The analysis focussed on the matching of the verbalised conceptions and 
values with their practice of teaching science. This paper will report on these data. 
 
Keywords: values in science education, scientific literacy, articulating teaching practice 
 
Introduction 
 
There are many challenges that face science teachers as they attempt to engage their students in 
contemporary science for the 21st century. Such challenges include not only the engagement of 
students in contemporary science, but also the professionalization of teaching. Freidson (1994) has 
defined the significant elements of a profession as its self-regulation, its capacity to organize its own 
work, the selection of recruits who have significant training, competence and ethical performance and 
have the capability to control “themselves by cooperative, collective means and that in the case of 
complex work, those who perform it are in the best position to make sure it gets well done” (p.176). 
Hargreaves (1998) builds on this notion of teaching as a profession and points out that teachers’ work 
is complex, difficult and demanding, and, he argues, requires teachers to engage in “intellectual” and 
“emotional” work as well as work organization (the capacity to organize and control their own work). 
Hargreaves’ (1998) framework has an explicit focus on teachers’ professional work and from our 
experience is one which teachers can easily, and often do, identify with. In addition, this framework 
provides a powerful way of considering aspects of the common tensions between researchers and 
teachers; researchers often focus on the ‘intellectual’ work of teachers, while teachers tend to be more 
concerned with the ‘emotional’ and ‘organizational’ forms of teachers’ work. 
This paper explores the professional work of science teachers, the values that underpin this work, 
teachers’ conceptions of scientific literacy and the implications these values and conceptions have for 
teaching for scientific literacy and how these theoretical constructs impact on the practice of three 
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‘expert’ science teachers. We use the term ‘expert’ here in recognition of the fact that these science 
teachers are recognised by their peers as being skilled and an authority in at least substantial aspects 
of the teaching and learning of science. 
 
The professional work of science teachers 
In more recent times the intellectual work of teachers has been equated with aspects of Shulman’s 
(1986, 1987) knowledge domains and include content knowledge, knowledge of pedagogy, knowledge 
of pedagogical content knowledge or the way science knowledge is known and used in order to teach, 
knowledge of curriculum, knowledge of schools (and other contexts), knowledge of students, and 
knowledge of educational ends, purposes and values. Important underpinning aspects of these 
knowledge bases are the skills, values and attitudes that are needed to develop alongside these 
knowledge bases, which can often bridge between the intellectual and emotional work of teachers. As 
Hargreaves’ (1998) describes: 
 
Teaching is an emotional practice that also involves heavy investments of emotional labour. 
It cannot be reduced to technical competencies of clinical standards alone. The emotions of 
teaching are, in this sense not just a sentimental adornment to the more fundamental parts 
of the work. They are fundamental in and of themselves. They are deeply intertwined with 
the purposes of teaching, the political dynamics of educational policy and school life, the 
relationships, which make up teaching and the senses of self which teachers invest in their 
work. (p. 368) 
 
Shulman’s knowledge domains also include an affective dimension so the intellectual and emotional 
work of teachers is intertwined. In a similar way values, attitudes and beliefs, terms that are often used 
erroneously as interchangeable, also have an intellectual (or cognitive) dimension as well as an 
affective one. These characteristics of values, attitudes and beliefs in relation to science education will 
now be briefly explored. 
 
Values, Attitudes and Beliefs  
Values, attitudes and beliefs are central to the teaching and learning process. According to Hildebrand 
(2007): 
 
Values have always been explicitly and/or implicitly taught through the science curriculum 
because no curriculum is ever a value-free zone… if we desire our school science programs 
to enable all students to develop lifelong scientific capability then we need to design ways in 
which diverse value positions – of scientists, science educators, teachers and students – can 
be embedded in our curriculum. (p. 45) 
 
Halstead (1996) succinctly defines an operational definition of values and the definition that will be 
adopted for the purposes of this paper: 
 
[Values are the] principles, fundamental convictions, ideas, standards or life stances which act 
as general guides to behaviour or as points of reference in decision making or the evaluation 
of beliefs or actions and which are closely connected to personal integrity and personal 
identity. (p. 5) 
 
However the terms values, attitudes and beliefs are often used synonymously. Hanselman (1979) has 
differentiated between values and attitudes: 
 
Attitudes are enduring systems of positive and negative evaluations, emotional feelings, and 
pro or con action tendencies with respect to social objects. Values grow out of attitudes; they 
are what determine how a person is going to use his life (p. 4). 
 
Beliefs, while being a term often used to describe both attitudes and values, can also be differentiated 
from these terms, although at times this can be problematic as the range of definitions provided for 
belief vary significantly (see Jones and Carter, 2007, p. 1069 for a brief summary). However, Fishbein 
and Ajzen’s (1980) differentiation between attitudes as affective constructs and beliefs as cognitive 
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constructs is generally accepted. Seah (2002) also attempted to distinguish ‘value’ from ‘belief’ in the 
following ways: 
-         A belief is about the degree to which something is true while a value is the degree to which 
something is important 
-         A belief exists in a context while a value exists in the absence of any context. 
In summary, it appears that both beliefs and attitudes may be context specific, while values are not. 
Values and beliefs both have a cognitive dimension associated to them, while values and attitudes 
appear to be developed within an affective domain. What does appear apparent is the notion that 
values do play a large role in how our attitudes and beliefs are formed. 
 
Values in Science Education 
Values in science education include all those values associated with teaching science in schools, 
which includes the epistemic values of science (the values of science itself), societal values and the 
personal values of scientists. There does not seem to be much agreement about what these particular 
values should be in science education across all three values types. For example, Western science 
has different values from other indigenous science value sets. However, Siddique (2008) has 
proposed a framework for values in science education in his study of science teachers in Bangladesh. 
Some examples from this framework are detailed below in Table 1. 
 
Table 1: Examples from construction of values in science education and their possible manifestation, 
(Siddique, 2008) 
Values Constructed meaning Possible manifestation(s) 
Curiosity (intellectual 
curiosity/inquisitiveness) 
Curiosity is to wonder how things work 
(Hildebrand, 2007), it leads a person to 
know about new things; it leads 
scientists to initiate new investigations. 
Teachers encourage students to ask 
questions/ inquire about natural 
phenomena/ new things 
Empiricism Relying on empirical data; that is, 
obtaining data from direct investigation 
e.g. through observation and using 
these data to explain things around us. 
Teachers emphasize experiments, as 
a way of collecting empirical data – 
direct observation, using the senses 
etc.. I see, I smell, I hear, I feel, I 
taste 
Interdependence 
(harmony with nature, 
sustainability) 
Valuing the interdependence and 
interactions among human beings, 
nature and science. It involves thinking 
about long-term effects of our 
interactions with nature and considering 
whether our activities benefit the quality 
of human life. 
Teachers discuss interrelationships 
among human beings, nature, 
science and technology 
Search for evidence 
(Verifiability, demand 
for verification) 
Searching for supporting evidence to 
verify the validity and accuracy of a 
statement 
Teachers encourage students to 
support their ideas (arguments) with 
evidence 
 
 
While some of the values in this framework may be open to debate and contestation (such as, is 
objectivity really a value or should it be something more akin to reducing bias as scientists are 
human and bring their own biases to their work), this framework, in linking the values with possible 
manifestations in the science classroom, does provide some useful insights into the often implicit 
teaching of science values. In this study, the manifestations were used to identify teaching practices 
that indicated a teachers values; either through the teachers actions or their words. How such values 
relate to scientific literacy is also an important consideration. 
 
Scientific literacy – an education imperative 
Another dimension of the intellectual work of science teachers is their response to the national (and 
international) imperative to produce scientifically literate students. Scientific literacy is associated with 
other forms of literacy, such as reading and mathematical literacy (Organisation for Economic Co-
operation and Development [OECD], 2006). As science knowledge is articulated and communicated 
through text, and its associated symbols, diagrams, graphs and mathematical derivations, a 
reasonable level of reading and mathematical literacy is necessary for scientific literacy (Hodson, 
2008; OECD, 2006). However, scientific literacy also needs to account for how science knowledge is 
represented and communicated to students so that they can engage with science in their life. 
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No consensus exists for universal acceptance regarding the conceptions of scientific literacy 
(DeBoer, 2000; Jenkins, 1990; Osborne, 2007; Roberts, 2007), and this may be due to the 
dependence of scientific literacy on context. However, experts of science education do agree that 
students must have some science content knowledge to be scientifically literate (e.g., AAAS, 1989, 
1993; Bybee, 1997; Chiappetta, Fillman, & Sethna, 1991; Millar, 1996; Miller, 1983; NRC, 1996; 
OECD, 2006; Osborne, 2007; Pella, O’Hearn, & Gale, 1966; Shamos, 1995).  Roberts (2007) in his 
review of scientific literacy/Science literacy proposes a model to encapsulate much of the thinking in 
this area over the last 50 years. Roberts proposes that there are two predominate Visions of 
Scientific Literacy. Vision I derives its meaning from within science and focuses on the products and 
processes of science itself. Vision II derives its meaning from the character of situations with a 
scientific component, or those situations that students are likely to encounter as citizens. Vision I is  
scientist- centred, while Vision II is student-centred. Which one counts as the aim for science 
education? 
 
For students, choosing a science education that is of the Vision 1 type and Vision I-II (as there exist 
very few examples of Vision II type science education), means a choice for science education that 
has consistently lead to decreased interest and lower enrolments in school science. This is largely 
due to Vision I with its emphasis on traditional canonical science, as opposed to Vision II, which 
“seeks to enhance students’ capacities to function as life-long responsible, savvy participants in the 
everyday lives; lives increasingly influenced by science and technology” (Aikenhead, 2008, p.1). As 
Aikenhead points out: 
 
When conventional, academic, decontextualized science (a Vision 1 view of scientific 
literacy) changes to a contextualized science (Vision I-II view of scientific literacy in practice), 
the context and content are mostly dictated by students’ everyday worlds, rather than by 
scientists’, teachers’, or curriculum developers’ ideas of appropriate contexts and content for 
school science. Changing the meaning of “science” in the domain of school science takes us 
beyond policy and practice. (p. 2). 
 
Additionally, Millar (1996) suggests that this content knowledge of scientific literacy is important for 
both intrinsic and instrumental justifications. Intrinsic justification refers to cultural aspects, i.e., 
scientific knowledge can help people to satisfy their curiosity about the natural world, which is also 
very important in learning (Howes, 2002). Instrumental justification, on the other hand, refers to the 
utilitarian aspects, i.e., scientific knowledge is necessary as a foundation for making informed 
practical decisions about everyday matters, participating in decision-making to science-related 
issues; and working in science and technology related jobs (Millar, 1996, p. 9). Both of these 
justifications are consistent with science content applied in context, because this content may provide 
learners with the knowledge required in socio-scientific decision-making and may satisfy their 
curiosity about the natural world around them. 
 
Aikenhead’s statement and Millar’s research have significant ramifications for the practice of science 
teachers, many of whom have grown up as learners and then teachers with a Vision I dominated 
science education experience. For them there needs to be a significant cultural shift in how they view 
science in the their classrooms that will educate their students to becomes more aligned with a 
Vision I-II or even possibly a Vision II type view of scientific literacy. Implementing such a teacher 
change is at the heart of this project through the process of teacher research focussed around 
professional learning. 
 
The role of professional learning 
In the professional life of science teachers it then becomes an important aspect of their work that 
they are well equipped to undertake the complex work of teaching. Traditional professional 
development (PD) approaches used for teachers; have seldom captured this complexity, are often 
mandated and done to teachers, provide contradictory messages, and offer little opportunity for 
teachers to have a voice in a process that is requiring them to change their thinking and their 
practice. According to Korthagen (2001), they often exacerbate the problems of the so called theory-
practice gap. From a research perspective, the complex and messy world of teaching is often seen 
as something that is not able to be adequately theorised by teachers because they are too busy 
working in that world. Yet, from a teacher’s perspective, theory is not necessarily helpful in 
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responding to the need for ideas and activities that will “work in class tomorrow” (Appleton, 2002) and 
therefore be informative to practice. Traditional PD is often conceived of as looking to theory for 
solutions to “educational problems” while such problems and solutions are not necessarily congruent 
with the needs and concerns of practitioners (McGoey & Ross, 1999); hence the theory-practice gap. 
One obvious response to this situation is to reconceptualise the nature of professional development 
to one of professional learning, where attention is paid to the teachers’ professional knowledge 
bases and that they may change their practice in the light of such an approach. A shift to professional 
learning requires work with and by teachers in ways that will respond to policy directions, but also to 
teachers’ professional needs and concerns. In this way it is important to find a balance between the 
perspectives of theory and practice so that the construction of knowledge of a variety of types can be 
a valued driver for educational change. It is also important that professional learning generates 
evidence from teachers’ practice that highlight both the shift in thinking and the outcomes in learning 
for students, thus providing an evidence-base for this teacher research. 
 
An approach to science teacher research 
By researching the relationship between teaching and learning in their world of work, science teacher 
researchers seek to better understand students’ learning in their classroom as a consequence of 
studying their practice and are therefore better placed to implement changes as a consequence of 
the research outcomes which are firmly embedded within their classroom practice. The tacit nature of 
knowledge of practice, that has long been recognised (Polanyi, 1966) yet poorly responded to, takes 
on a new significance in teacher researcher paradigms. Making the tacit explicit is a catalyst for 
articulating knowledge of practice which is both informative and valuable to an individual’s teacher 
research practice and to the teaching profession generally. Through teacher research, opportunities 
for personal changes in practice become increasingly likely and foster new approaches to innovation 
and excellence in science teaching and learning. In this way, teacher research can rightly be seen as 
addressing the disquiet about the predictable failure of educational change (Sarason, 1990). 
            
Our Pilot Project (The Catholic Education Office (Melbourne) in collaboration with researchers from 
the Centre for Science, Mathematics and Technology Education, Monash University, have been 
developing ways of growing and supporting science teacher researchers in Catholic schools across 
Victoria for three years (2004, 2005, 2006). Our work from this project suggests that science teacher 
research is catalysed through opportunities for science teachers to collaborate more closely with their 
science education academic supporters through more systematic research into their practice and their 
students’ learning. However, this is not easy to achieve as important conditions for teacher research 
need to be created and sustained in order to support teachers in documenting and communicating 
their developing professional knowledge of quality in science teaching and learning. Our pilot study 
illustrated that success in science teacher research involves creating ways of supporting the active 
development of teachers’ individual voices so that they learn how to document and portray their 
research findings in ways that engender sharing their professional knowledge and provides evidence 
of tangible gains in the outcomes for the students within their science classrooms. (Catholic Education 
Office & Monash University, 2005, 2006). 
                  
As a consequence of this process, science teacher research creates opportunities for science 
teachers to be leaders within the science education profession. Through collaborating with academic 
supporters, science teacher researcher can reframe (Schön, 1987) ideas about science education 
such that science teaching can be viewed as problematic and become a site for genuine inquiry. 
Reframing is, in part, facilitated through a consistent focus on the nature of quality in science 
teaching and learning, creates a questioning stance in teachers and simultaneously creates new 
ways to inquire into the practice setting. This is critical in shaping the outcomes and ultimate value of, 
science teacher research as a means for developing, articulating and sharing sophisticated 
knowledge of practice. With the clear articulation of such knowledge and with a documented 
evidence-base underpinning such knowledge, science teacher researchers have the opportunity to 
close the gap between science education research and practice and also, with science education 
policy as the new knowledge is communicated and developed more broadly. Leadership in this 
sense then can be developed from a multi-faceted base where the knowledge is distributed to the 
profession and academy and provides opportunities for science teacher researchers to develop 
leadership characteristics. Leadership in this sense can be viewed as coping with change, where 
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leaders establish direction by developing a vision of the future, aligning people and inspiring them 
(Kotter, 1996). 
 
It is within the frameworks outlined above that we have engaged in our collaborative endeavours into 
developing science teacher research and we trust that the impetus for our work and its significance is 
apparent. This work is part of large project whose aims are to: 
 Develop cohorts of science teacher researchers who will actively inquire into their teaching 
and their students’ learning in ways that offer new insights into quality in science teaching and 
learning; 
 Build rich links between theory and practice, promoting science teacher research (as a 
process) and using the unique contributions that teacher researchers can make to the 
knowledge base of education; 
 Develop science teacher knowledge that is directly and richly connected to practice and 
acknowledges the crucial influences of context and content; 
 Create an expectation that such knowledge of practice needs to shift from being tacit to 
explicit; and, 
 Create new ways of documenting and sharing science teachers’ professional knowledge so 
that it might be better understood in the education community and lead to meaningful 
educational change. 
This paper will focus on reporting on a part of this larger project and will focus on the last four aims of 
the larger research project indicated above. More specifically this paper will report on the work 
undertaken with some ‘expert’ secondary science teachers in undertaking professional learning in the 
area of educating for scientific literacy. It is hoped that through this work these science teacher 
researchers can make a unique contribution in progressing the theory and practice of teachers in 
engaging students in contemporary science through documenting their professional learning and 
practice. It is hoped that this work will be a valuable contribution to the knowledge base of what it 
means to educate for scientific literacy. 
 
METHODOLOGY 
 
Our research identified, through peer recognition, three ‘expert’ science teachers, with whom we 
explored their conceptions of scientific literacy in their classroom, what values underpinned their 
conceptions and how this matched with their teaching practice. The three teachers work in the 
catholic education sector in Queensland, Australia and teach both senior secondary (biology, 
chemistry and physics) and lower secondary science classes. 
 
Initial exploration of their conceptions and values was conducted via an unstructured interview 
(Robson, 2002). This allowed the teachers to speak openly about their teaching experiences and to 
expand their thinking throughout the interview thus, the direction that the interviews took was 
determined by the researchers and the teacher as the interview progressed. This approach provided 
rich, detailed stories about the teachers’ practice that when analysed, allowed us to identify examples 
of the values underpinning their teaching practice. 
 
The three teachers were filmed teaching two lessons each; one senior science class and one class 
of year 7 – 10 science. These videos again provided rich examples of their practice in action in the 
classroom and were an additional data source to the unstructured interviews where they verbalised 
their practices. 
 
The next steps in the research project includes providing these teachers with an opportunity for 
exploring their own practices based on the frames we have detailed above (e.g. Hargreaves’s notion 
of a professional teacher, the description of scientific literacy and the table of “construction of values 
in science education and their possible manifestation” (Siddique, 2008), during a second 
unstructured interview. Teachers will be able to use both their interview and video data to comment 
on these frames as they saw them in their practice. The teachers will have the opportunity to discuss 
their conceptions of scientific literacy and the values that had manifested in their practice. As a 
conclusion of the process, teachers will be asked to plan a lesson that would portray one specific 
value to their students and again this lesson could be filmed. These next steps are not the focus of 
this paper, but will be included in future publications. 
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Analysing the data 
There were two key aspects of data collection. The first was an informal interview with participants to 
determine their views of scientific literacy and their values of science education that underpin the 
teaching they do in the classroom. Interviews were digitally recorded and transcribed. The 
transcriptions were then coded against the manifestations of values derived by Siddique (2008) and 
analysed thematically to determine; firstly, the major influences in teaching and secondly,  the 
participants’ understanding of scientific literacy. To code the transcript data, what the teachers 
suggested they did in their practice (espoused values) was matched with a suggested manifestation. 
The second aspect of data collection related to the video recording of participants teaching two 
science classes, one VCE class and one junior science class. These video clips were analysed using 
Studio Code software to determine the values that played out in the classroom according to 
Siddique’s manifestations (2008). What the teachers were observed doing in the classroom was 
matched against the manifestations to determine enacted values. Analysis was then undertaken that 
compared the values identified from the interviews to those that could be indentified in the teaching 
episodes. A summary case study for each participant was produced and these were given to the 
participants for their own self-analysis and feedback. In the following sections, pseudonyms are used 
to protect the identity of the expert teachers. 
 
RESULTS 
Interview data 
Table 2 below details the frequency of teachers’ consideration of the range of values that are 
important in science education and outlined in Table 1. These are the values that were articulated by 
these three expert science teachers in their initial interview. In reviewing this data, some values such 
as rationality objectivity, parsimony, integrity, reliability and science community have not been 
mentioned by these teachers. This does not mean that these teachers did not think that these values 
were not important, but that they did not talk about them during this particular interview. 
 
From Table 2 it can be seen; for Greg, longing to know, empiricism, creativity and accuracy are the 
most important values, for Kate, the most important appears to be valuing process and 
interdependence, while for Larry, longing to know, valuing process, interdependence, search for 
evidence and curiosity are important. We are equating importance with frequency here since from the 
interviews it became clear that by continually referring back to these ideas, the teachers said that this 
is what they thought was important.  
Table 2: Values of science education from interview data 
Values Greg Kate Larry 
1.     Curiosity (intellectual curiosity/inquisitiveness) 1 0 5 
2.     Longing to know and understand 3 1 8 
3.     Open mindedness (Openness) 2 1 4 
4.     Skepticism (questioning) 0 1 0 
5.     Rationality (Logicality) 0 0 0 
6.     Objectivity (neutrality) 0 0 0 
7.     Empiricism 3 1 0 
8.     Integrity (Honesty, ethical behaviour) 0 0 0 
9.     Diversity in scientific thinking 1 1 0 
10.  Interdependence (harmony with nature, sustainability 2 3 6 
11.  Parsimony 0 0 0 
12.  Creativity (imagination, innovation) 3 2 1 
13.  Science Community (Co-operation, collaboration) 0 0 0 
14.  Accuracy (authenticity, precision) 3 0 0 
15.  Reliability 0 0 0 
16.  Valuing process 2 4 7 
17.  Search for evidence (Verifiability, demand for verification) 0 2 5 
Video data 
The coded results for each participant are listed in Table 3. Table 3 represents data from middle 
school classes where students are aged between 12 and 15, whereas senior classes are for students 
aged 16-18. 
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It should be remembered here that we are only making claims about what was evident from two 
science classes for each of these teachers. We are not making claims about their teaching overall. 
The context of the class, what they were teaching, when they were teaching and so on, are also 
important considerations. The values in this table were collated based on the footage taken of these 
two classes, thus this data is dependent upon the content of the lesson and the teaching procedures 
being used that day and should only be taken as an indication of the values the teacher was 
displaying on that day. Making general statements about the teaching is not appropriate. 
 
From the middle school data, Greg’s lesson exhibited many examples of accuracy, integrity and 
creativity. Again the context of the lesson is important here, as students were required to undertake a 
practical activity that they had to design themselves in teams.  
 
Kate’s lesson, involved the students using a computer simulation that saw the students behind the 
wheel of a car in situations where they would need to brake suddenly. Most of the lesson involved all 
students in “having a go” so the opportunity for a wide range of values to be exhibited was limited, 
however interdependence was represented and Kate highlighted this value as important in her 
interview.  
 
Larry’s class exhibited a wider range of values with curiosity, creativity and search for evidence being 
the most frequently manifested values. This class consisted of a range of short experiments that the 
students had to complete. No data was recorded since students used their observations to decide if 
what they saw was a chemical or physical change.  
 
Table 3: Frequency of manifestation of values of science education from video data of middle school (MS) 
and senior school (SS) science classes 
Values Greg Kate Larry 
 MS SS MS SS MS SS 
1.     Curiosity (intellectual curiosity/inquisitiveness) 1 0 0 1 4 5 
2.     Longing to know and understand 0 0 0 1 1 1 
3.     Open mindedness (Openness) 0 0 0 0 0 0 
4.     Skepticism (questioning) 0 0 0 0 0 0 
5.     Rationality (Logicality) 0 0 0 1 0 1 
6.     Objectivity (neutrality) 0 0 0 0 0 0 
7.     Empiricism 1 0 0 3 1 3 
8.     Integrity (Honesty, ethical behaviour) 6 0 0 0 0 0 
9.     Diversity in scientific thinking 0 0 0 0 0 0 
10.  Interdependence (harmony with nature, sustainability) 2 0 3 1 0 2 
11.  Parsimony 0 0 0 0 0 0 
12.  Creativity (imagination, innovation) 5 2 0 0 2 0 
13.  Science Community (Co-operation, collaboration) 0 2 0 0 0 0 
14.  Accuracy (authenticity, precision) 8 0 0 3 0 0 
15.  Reliability 2 0 0 1 0 1 
16.  Valuing process 6 0 0 1 1 0 
17.  Search for evidence (Verifiability, demand for 
verification) 
0 0 0 1 2 0 
 
From the senior school classes’ data, there is a spread of values manifested across the classes, with 
some more diverse than others. For example, Greg’s biology class indicates a limited manifestation of 
values, as it centred around two main activities; making a model of a synapse and role-playing what 
happens at the synapse. The manifested values include creativity and science community. In contrast 
to her middle school class, Kate’s class shows a diversity of values manifested, the most frequent 
being empiricism and accuracy. Given this lesson was a chemistry class where the students were 
completing several experiments to test for solubility as they recorded their observations and then 
looked for patterns, this is not surprising.  Larry’s class also exhibited a range of values, particularly 
curiosity and empiricism. This was a physics class that centred on Larry demonstrating to the students 
how electromagnets worked and the variables that could influence how much electricity is generated. 
Students then used the equipment to investigate some questions the demonstrations generated for 
them. 
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Notions of scientific literacy 
The participants were all asked about their notions of scientific literacy during their interview. The 
following are examples of the participant’s notions of scientific literacy. 
 
Greg: Scientific literacy is not as important as the term itself. It is more important to know what it 
means. Scientific literacy is about explaining and using science. 
Kate: Scientific literacy is kids being able to see something and understand it. Not literacy in the 
regular sense of the word. Things like students being able to discuss whether a rise in CO2 has 
caused the temperature to rise or vice versa. 
 
Larry: … that you want people to be able to function in society, be able to evaluate what’s going on 
around them, have an opinion on things that are happening. 
 
Cases of each participant 
From the analysis of the participants’ interview and video data, individual case summaries were 
produced for each. These case summaries were produced to provide participants with feedback on 
the process and to give them an opportunity to respond to what the researchers identified as their 
view of scientific literacy and the values that underpin science education. The cases of the 3 teachers 
are included in Appendix one. 
 
DISCUSSION 
It is important to remember how much the context of the lesson will influence what values may be 
manifested in any particular science class. For example, values such as accuracy are far more likely 
to manifest in a practical class than in a teacher-led discussion (although accuracy in communication 
is still possible in this latter situation).  
 
The interviews provide some insights into what the teachers explicitly talk about and what may be 
implied. So consideration of what has been articulated as well as what has not is needed. From the 
interviews, no teachers have articulated values such as rationality, objectivity, parsimony, integrity, 
reliability and science community. However, both integrity and science community were evident in 
Greg’s classes. In the follow up teacher interviews, it will be important to explore if such values are 
important to them and are they more often implicit in their teaching. Given the prominence in most 
science curriculum of rationality and objectivity, this will be an interesting exploration. 
 
In terms of values that have been articulated and manifested in the classes, some do match. Greg’s 
emphasis on accuracy in his middle school science class and on creativity in both classes is evident. 
Similarly Kate’s articulated importance of interdependence is evident in her middle school class, but is 
not in her senior class even though this senior practical class could possibly have manifested the 
value of interdependence in a much greater way. Kate uses an example early in the lesson that 
connects science and an everyday application however, once she moves the students into working on 
the experiments, this connection is lost. Exploring (in future interviews) the notion of routines in 
particular teaching situations that may inhibit the manifestations of particular values, despite the 
importance a teacher may ascribe to a particular value will be important. 
 
When reviewing these teachers’ interviews and classes, the most diverse range of values observed as 
important and present in the classes is evident in Larry’s data. Larry is the most experienced of these 
teachers and the question is raised that does experience play a role in how values are viewed as 
important? It was very apparent that Larry’s intentions matched his actions, which raises another 
question. Does experience lead to an awareness of how the teacher’s actions and language can be 
interpreted by the students to promote specific values? Many of the values he articulated in his 
interview do manifest in his two classes. Given the small snapshot that is provided by two classes, 
such a diverse range of values being manifested is quite an achievement. 
All three of the teachers have a notion of scientific literacy that includes the students using scientific 
knowledge. They all perceive it as being more than a language based idea or the communication of 
science. In particular, Kate and Larry mention students being able to “discuss” and “evaluate” 
important issues and Larry suggests that scientific literacy is about students “forming opinions.” These 
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teachers are promoting scientific literacy as a way of functioning in the world and, although they are 
not all doing this to the same degree, they are encouraging their students to explore and challenge 
their science knowledge by providing them with opportunities both in class and through assessment to 
do things with their science knowledge that goes well beyond simple application or regurgitation. 
These include; designing experiments as opposed to following them, using experiments for exploration 
rather than demonstration of a theory and modeling or role playing an abstract theory rather than rote 
memorization.  
CONCLUSION 
This research process has allowed us to explore the degree of connectedness between teachers’ 
verbal expression of the importance of science, science education and scientific literacy and their 
practice in the classroom. Using values as the approach to work with teachers we can explore further; 
do these values matter? If they do, how do they manifest in science classrooms? Other considerations 
such as how the context of the lesson influences what is possible, and/or are there contexts 
and routines that tend to dictate what is to be learnt. An example of these contexts/routines may be 
the way practical investigations are conducted. 
 
The iterative research process has been insightful as it is the outsider perspective of the researchers 
that has allowed the teachers to re-examine their beliefs (and values) and their practice.  An important 
aspect of the research is that a level of professional trust has been enacted, as in a collaborative 
exploration of values and practice and it is important that the researchers are not ‘sitting in judgement’ 
of the teachers.  
 
The next research stage focuses on these ideas as we explore them with the teachers and extend the 
research to investigate the influences on a lesson if a specific focus on a value was adopted in 
teaching. How does such a position affect the teaching and learning that occurs in such a class? 
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APPENDIX ONE 
Cases 
All of the cases began with the following paragraph as an explanation to the teachers about how the 
research had been completed: 
 
Since we met with you we have completed some preliminary analysis of your interview data in an 
effort to consider the values that underpin your conceptions of science, science education and 
scientific literacy. We have also looked at the video footage of your teaching to consider how these 
values influence what you do in the classroom. 
*The quotes used below are taken from both the interview transcript and the video of your teaching. 
 
Greg 
It is evident that much of your teaching revolves around improving your students’ ability to gather data 
accurately. You clearly have experience with accuracy in industry and this is evident from your 
comment that, “what they don’t realise is that in industry accuracy = dollars.” You take the opportunity 
to emphasise this with your students during classes when you remind them to calibrate the scoop 
scale every time they use it and to keep it level on the bench when they are taking readings. You also 
comment in your interview that, “when teaching the scientific method I like students to take their time, 
calibrate and collect data with accuracy and safety in mind.” You comment that, “students should 
always measure and record accurately.” Linked with this is an emphasis on working with integrity. You 
encourage your students to take their time, avoid mistakes and collect accurate worthwhile data. You 
would rather them report what they actually did and saw rather than make it right just to get the 
expected result. 
 
You appreciate your students following guidelines and like them to write the guidelines themselves. 
You comment in your interview “during the extended experimental investigation (EEI), they keep a 
journal of research but most marks are for process, content and originality.” The processes in science 
are important in your teaching and this is evident when you ask your year 9 students where they will 
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start today? Or what they think comes next in the process? You encourage the students to work 
through things and make links between what they have done and what they are going to do. 
 
You like your students to be creative in science and this is evident when you encourage a small group 
of year 9 students to investigate using a blender to crush up the ore for their mining experiment. You 
also ask your year 12 students to use plasticine models and a role-play to reinforce the learning that 
has taken place in the classroom and to describe their understanding of synapse. You would like there 
to be more chances for your students to make decisions, and be creative, with their assessment, “with 
year 12’s the ideal assessment would be the extended experimental investigation (EEI) but with a 
broader spectrum of topics and weekly logbook checks.” This quote also indicates the value you place 
on empiricism and you explore this further when you comment, “at years 8, 9 and 10 they do an 
extended experimental investigation (EEI) that is scaffolded at different levels. The year 9’s do one on 
mining and the year 10’s do a rat and toad dissection to compare the anatomy.” You believe that 
students learn from direct observation and that they should collect data as they progress through an 
experiment using their logbook to record what they see, smell, hear, feel and taste. You emphasise 
this in your teaching when you have a discussion with your year 9 students about the difference 
between qualitative and quantitative data and why they need to collect both. You also talk about the 
different ways that these types of data can be recorded and displayed.  
 
Kate 
You value the processes of science and comment that “we do these investigations at all grades and 
provide year 8 with highly structured log books, and year 9 and 10 get a more generic style log book, it 
still has questions, but they are more general as year 9 and 10 are able to choose a topic from a 
carefully produced list of 3-5.” You offer students guidelines to follow but eventually, you ask the 
students to create the guidelines themselves, an indication that you also value creativity in your 
students. 
 
During the year 12 chemistry class that was filmed you asked the students to follow a process to 
complete some experiments, but you also asked them to follow a process to collect data. You asked 
some of your students’ questions like “is it dissolving? How can you tell? Is it changing colour? Have 
you got that written down?” This required your students to observe carefully what was happening in 
the test tubes and to record their direct observations in the table as you suggested. You wanted the 
students to be confident about what they were seeing and to draw conclusions from the investigation 
that they carried out. 
 
Having the students collect accurate data was also something that you promoted during the year 12 
chemistry lesson. A few of the students were confusing a meniscus for the substances not dissolving. 
In an effort to increase the accuracy of what they were doing and observing you worked with the 
students as they repeated the experiment and made suggestions about what they could do to improve 
the process and improve the result. For example; increasing the volume of the substances and waiting 
longer before recording their observations. 
 
During your interview you mentioned an assessment piece that you really enjoy, “…the boys make a 
decision about the best type of fuel for cars – this is their basic brief.  They need to define what would 
make it best – e.g.: environmentally sound, high energy, low cost, access, processing..... They then 
need to decide how to get the answer to the problem, set the parameters of the tests, do the testing, 
analyse the results and examine the reliability of the results in terms of secondary data and the 
investigation process that they undertook.” This is an indication that you value creativity as you 
encourage your students to design their own experiments and be innovative in the way they interpret 
and present their results.  
   
 
Linked with this is your promotion of the search for evidence, as you encourage students to be “…able 
to reflect on an investigation and acknowledge the validity or lack of validity of a statement based on 
findings.” You want your students to support their ideas with evidence and to reflect on how they came 
to their conclusions given the data they collected during their investigation. 
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You believe that students should be able to apply their science knowledge to make decisions about 
issues related to the world this is evident when you suggest that there should be opportunities, “...that 
require students to apply their knowledge and respond to an issue of science relevant to the general 
public for example global warming.” You encourage your students to take an interest in the 
interconnectedness of science and the quality of human life and believe that it is important for students 
to do “…things like being able to discuss whether a rise in CO2 has caused the temperature to rise or 
vice versa.” This is evident in your teaching when you discuss with your year 10 class the factors that 
affect the time it takes for a car to stop. Your students raise issue such as the condition of the tyres 
and brakes on the car as well as the road and weather conditions. The discussion eventually moves to 
talking about taking drugs and consuming alcohol as well as being too tired to drive a car. The 
discussion clearly links human beings and technology with what you are talking about, and in this case 
calculating, during the science lesson. 
 
Larry 
You present science to your students as something really worth knowing that will help them to better 
understand, analyse and evaluate what is happening in the world around them. You believe that 
learning should be purposeful and that the students should see and appreciate the need for scientific 
knowledge, you discuss this during your interview when you say, “It gives a reason for doing this 
(topic), why did the tsunami happen? And we’re likely to have volcano’s and earthquakes in Brisbane 
so it ties that on the end; what about us? So, there’s a reason for doing it.” You want your students to 
use what they know to do something or to inform what they believe and you comment that, “...you only 
know something when you can do something with it just learning something and repeating it doesn't 
mean you know it but if you could do something with that then that's fine.” 
 
You value empiricism and dedicate a lot of classroom time to having students work on experiments 
and make observations. The year 12 Physics lesson that was filmed was mostly spent having students 
make observations and use these observations to clarify their understanding of how electricity is 
generated. You also promoted curiosity during this class when you allowed the students to investigate 
the questions they had about the various demonstrations that had been done. Questions are very 
important to you: both from your students and to shape your teaching. During your interview you 
commented that “It’s essential that they've got a good question otherwise they'll do a whole lot of stuff, 
experiments, they might be really good experiments and then find and think well what have I got? The 
question focuses it.” In your year 9 class you used the students’ questions to link the previous lesson 
to the current one and then teased out another students question, “If my mouth was dry would the 
sherbet still fizz?” to give greater meaning to the experiments you were asking the students to do. 
 
As you use questions to help frame and shape the units you teach, you ask your students to search 
for evidence to support the arguments they make, related to the question/s you have posed at the 
beginning of a unit. You offer an example of this in your interview; “One we’ve tried is why did the 
dinosaurs die out? That gave us an excuse to look out earthquakes and volcanoes as possible reason 
or stop gave us a chance to have a look at climate and weather as another option. I've forgotten what 
the third avenue was but then the kids could weigh that up and we had a whole session in fact a week 
at the end saying what are the pros and cons of each reason. Now, so what do you reckon?” In the 
year 9 class that we filmed, you brought the class together and asked the students; why is it a 
chemical change? What’s the clue? This was followed by asking the students “can you get me back to 
where we started?” The students replied that they couldn’t because they were chemical changes but 
you pushed them for more and asked them again “what’s the clue for that?”  
 
You like the students to draw links between science and what is happening in the world. You like your 
students to use their knowledge to shape their opinions and to be able to confidently support what 
they are seeing with evidence. During your interview you describe the way you altered a unit of work 
to create stronger links with what was happening in the world, “my questions and the three year 9 
teachers, we did it different ways. It just so happened that we started that unit within a week of the big 
tsunami so I ditched everything I’d ever done with this topic before and just brought in the newspapers 
and looked at the newspapers. Within a week of that tsunami there was an earthquake or a volcano, 
there was two in a week, so it became what caused the tsunami and why a tsunami?” You believe that 
stronger science students are able to draw links between what they do in the classroom and what is 
happening around them and you explain this in your interview; “It’s definitely about making links and I 
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think they’re….I don’t know why, they don’t seem to be able to see a connection between doing 
changing colours in a test tube and what’s happening down in the creek.” In the year 12 class that we 
filmed, you were discussing electromagnets and used the Maglev train as an example of where an 
electromagnet is used in real life and talked about the friction being reduced and the speed of the train 
increasing. A student then asked about the train stopping and the discussion leads to strong links 
being made to the theory introduced during the class as you brainstorm what you could do or need to 
know in order to stop the train. This is an indication of how science can solve a problem (make a train 
go faster) and creates a problem (make the train difficult to stop) and highlights the interdependence 
of science, technology and human beings. 
 
You promote students completing experiments by following guidelines and encourage students to 
work through experiments step by step, make observations and then link what they have found back 
to their original question. During your interview you commented that, “...a lot of the investigative 
processes are still the same. You still want to be able to carry out experiments efficiently; you still want 
them to be able to do it safely, you still want them to be able to analyse data, you still want them to be 
able to evaluate...” 
 
 
